Heidelberger et al. (14) studied the persistence of antibodies induced in adults by some pneumococcal polysaccharide vaccines and concluded that serum antibodies persist for at least 8 years. On the other hand, antibodies produced by meningococcal group C polysaccharide vaccine decline quite rapidly in infants and children (11, 18) .
Adult volunteers were injected with a combined meningococcal group A and group C polysaccharide vaccine. Immunoglobulin M (IgM) and IgG antibody levels against both polysaccharides were measured in serum samples taken 14 days as well as 3 years after vaccination. For both group A and group C polysaccharides, the IgM and IgG antibody levels at 14 days postvaccination were positively related. The IgM-to-IgG antibody ratio at 14 days postvaccination was an indicator for the persistence of both IgM and IgG antibodies during the next 3 years; a high ratio meant a short persistence, whereas a low ratio was associated with a long persistence.
The immune response after injection of polysaccharide vaccines prepared from encapsulated bacteria such as Streptococcus pneumoniae, Neisseria meningitidis, and Haemophilus influenzae is usually characterized by assays that measure the total antibody concentration.
Peltola et al. (22) described that after vaccination of children under the age of 18 months with H. influenzae type b polysaccharide vaccine, only immunoglobulin M (IgM) antibodies can be detected, whereas in older children IgG antibodies are also found. Gotschlich et al. (12) showed the presence of IgM and IgG antibodies in adults 14 days after vaccination with meningococcal groups A and C polysaccharide vaccines.
Heidelberger et al. (14) studied the persistence of antibodies induced in adults by some pneumococcal polysaccharide vaccines and concluded that serum antibodies persist for at least 8 years. On the other hand, antibodies produced by meningococcal group C polysaccharide vaccine decline quite rapidly in infants and children (11, 18) .
The present investigation was undertaken to measure the IgM and IgG antibody responses and the persistence of these antibodies in adults after injection with group A and group C polysaccharide vaccines. For this purpose serum samples were taken 14 days and 3 years after vaccination and were analyzed by means of the enzyme-linked immunosorbent assay. We found a positive correlation, for both group A and group C polysaccharides, between the IgM-toIgG antibody ratio in the sample taken at 14 days postvaccination and the relative reduction of Conjugates and substrate used in enzyme-linked immunosorbent assay. Anti-human immunoglobulin-peroxidase conjugates were prepared according to the method of Nakane and Kawaoi (20) without the final reduction with NaBH4 (13).
Substrate was prepared by dissolving 80 mg of 5-amino-2-hydroxybenzoic acid in 100 ml of water. The pH was adjusted to 6.0 with 1 M NaOH, and just before use 11 ml of 0.05% (vol/vol) H202 was added. Sheep antibodies against group A or C polysaccharide were dissolved in coating buffer (15 ,ug/ml). Volumes of 1.0 ml were incubated in the tubes at room temperature overnight. The tubes were washed three times with washing buffer, after which 1.0 ml of the homologous polysaccharide in washing buffer (50 ng/ ml) was added. The tubes were incubated at 37°C for 2 h and washed three times with washing buffer, and 1.0 ml of the serum sample in the diluting buffer was added. The tubes were incubated and washed as before. Next, 1.0 ml of sheep anti-human IgM-or IgGperoxidase conjugate in the diluting buffer was added. The tubes were incubated and washed as before. Finally, 1.0 ml of substrate was added. The tubes were incubated at room temperature for 10 min. The color developed was measured spectrophotometrically at 449 nm with enzyme analysis equipment (Olli system 3000; Olli, Kivenlahti, Finland) (26) .
To eliminate the influence of nonspecific reactions, the optical density was corrected by subtracting from it the value obtained for the same dilution of the serum sample after absorption with excess homologous polysaccharide. Therefore, to 1 ml of sample diluted 1/20, 100 ,ug of polysaccharide in diluting buffer was added and incubated at 37°C for 1 h.
The antibody levels against group A and group C polysaccharides were calculated by comparing the corrected absorbance values with those of a dilution series of a human reference serum. The levels of group A and group C polysaccharide IgM and IgG antibodies in these reference sera were determined by quantitative precipitation with the corresponding polysaccharide and quantitative determination of IgM and IgG present in the precipitates (E. C. Beuvery, Ph.D. thesis, University of Amsterdam, The Netherlands, 1980).
The antibody levels found in the serum samples obtained at 14 days postvaccination were compared with those found 3 years after vaccination. The ratio between these two levels is called the reduction factor.
Statistical methods. The data were evaluated by an analysis of variance (27) and by the Spearman rank correlation test (15) .
RESULTS
IgM and IgG responses at 14 days postvaccination. Serum samples from 66 adults, taken 14 days after vaccination with the combined meningococcal group A and group C polysaccharide vaccine, were analyzed quantitatively for both IgM and IgG antibodies. The IgM and IgG antibody levels for each polysaccharide (in micrograms per milliliter) of all individuals tested are plotted in Fig. 1 cination, no significant correlation could be found between the two polysaccharides (Spearman rank correlation test P = 0.29) (Fig. 2) .
Variability of the reduction factors. Serum samples taken from 20 of the 66 individuals 3 years after vaccination were analyzed quantitatively for IgM and IgG antibodies against both polysaccharides, and the reduction factors were calculated. The variability of the reduction factors was analyzed by an analysis of variance. The results of this analysis (Table 2) can be summarized by the conclusion that, irrespective of the individual as well as the polysaccharide, the proportional decline of the IgM antibody level in 3 years was 1.8 times the proportional decline of the IgG antibody level.
Relationship between the IgM-to-IgG antibody ratio at 14 days postvaccination and the reduction factor. The Spearman rank correlation test was applied to test the correlation between the IgMto-IgG antibody ratio at 14 days postvaccination and the reduction factor for both polysaccharides. In view of the conclusion mentioned above, to improve the power of this test it is feasible to use the geometric means of the reduction factors for IgG and IgM instead of treating both isotypes separately. For both antibody isotypes and both polysaccharides a significant positive correlation was obtained (P < 0.01). The corresponding numerical values are listed in Table 3 and illustrated in Fig. 3 .
DISCUSSION
Polysaccharides from encapsulated bacteria such as pneumococci, H. influenzae, and meningococci behave in the mouse as thymus-independent antigens (4, 4a, 17) . They are all linear polymers composed of a limited number of sugar residues (24) . Such multivalent but unideterminant antigens induce in mice IgM antibodies which persist only very briefly after a primary vaccination, whereas no booster reaction is seen after a second dose (2, 3, 6, 16, 19; Beuvery et al., Infect. Immun., in press). In rhesus monkeys, the primary and secondary responses to meningococcal group A and group C polysaccharides have the same characteristics (Beuvery et al., manuscript in preparation). In children under the age of 18 months, the induction of IgM antibodies is observed after vaccination with H. influenzae type b polysaccharide vaccine (22) .
In mice, monkeys, and children, the induction of IgM antibodies may be due to a direct stimulation of uncommitted B-cells.
In contrast, we found that in adult humans IgM and IgG antibodies are produced after one injection with meningococcal group A and group C polysaccharide vaccines. In view of our findings in mice (4a, 5; Beuvery et al., in press), we suppose that in humans the IgG antibodies are due to the triggering of IgG-producing memory B-cells. These cells may be generated after contacts with bacteria carrying identical or almost identical polysaccharides (10, 25) . We found a positive correlation between the IgM and IgG antibody levels in serum samples obtained at 14 days postvaccination. This may mean that in adults memory B-cells exist not only for IgG production but also for IgM production.
The induction mechanism of memory B-cells depends on helper T-cells (7, 8, 9) . For thymicdependent protein vaccines it is a well known fact that the ratio of IgM to IgG antibody levels decreases in the course of the immunization. For these reasons, we suppose that in our study the ratio between the IgM and IgG antibody levels at 14 days postvaccination in an individual is a relevant indicator for the frequency and intensity of previous contacts with encapsulated bacteria: a smaller IgM-to-IgG antibody ratio might mean more frequent or more intensive previous contacts. Our finding of a insignificant correlation between the two polysaccharides for the on October 27, 2017 by guest http://iai.asm.org/ Downloaded from children that naturally acquired antibodies against group A polysaccharide are detectable at a much earlier age than are antibodies against group C polysaccharide. This earlier acquisition may reflect a more frequent or intensive contact with the former antigen. Lepow et al. (18) described that the antibodies induced by the group A polysaccharide vaccine are more persistent than those produced by the group C polysaccharide vaccine in similar groups of children. These data together are consistent with our hypothesis.
The main conclusion from this study is that the ratio between the IgM and IgG antibody levels at 14 days postvaccination can be used as an indicator for the persistence of antibodies during the next few years. In individuals lacking previous contacts with the respective or related encapsulated strains, only IgM antibodies will be induced by vaccination with polysaccharide vaccines, resulting in at most a transient immunity. Such an immunity has proved to be sufficient to stop epidemics. For irradication of endemic diseases, an immunity of longer duration is needed. For this purpose the polysaccharide vaccines seem to be less suitable. From experiments in mice (4a, 28; Beuvery et al., in press) it has been concluded that a long-lasting immunity can be induced by polysaccharides bound to thymic-dependent carriers.
